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@ A solar cell arrangement includes a plurality 
of elongate solar cell elements (3) each having 
an elongate first electrode (1) and a photovoltai- 
cally operative layer (2) coaxially disposed 
around the first electrode, and a generaly 
plate-like second electrode (4) having one side 
surface (4A) on which the solar cell elements 
are mounted. The one side surface of the sec- 
ond electrode is a light-reflective surface, and is 
configured such that light reflected from the 
one side surface is garnered onto the outer 
peripheral surface of each of the solar cell 
elements. 



FIG.4 
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This invention relates t a solar cell arrangement 
comprising a plurality of solar cell lements. 

Conventional solar cells in general are comprised 
of thin film-shaped solar cell elements, and therefore 
require a large mounting area and hence have a low s 
space factor. Further, conventional solar ceils of a 
type in which a thin film-shaped electrode is disposed 
on a surface of the photovoltaically operative layer 
have the disadvantage that the electrode provides a 
considerable shading effect and has large electric re- 1 o 
sistance itself, whereby the photoelectric conversion 
efficiency is Jow. 

To overcome the above-mentioned disadvantag- 
es of the conventional solar cells, a solar cell arrange- 
ment has been proposed, e.g. by US Patent No. 15 
4,913,744, which can be manufactured in a simplified 
and more economical fashion, and has an improved 
space factor as well as an improved photoelectric 
conversion efficiency. 

Specifically, as shown in Fig. 1 , this proposed sol- 20 
ar cell arrangement is comprised of a plurality of wire- 
like or thread-like solar celt elements 3 which are ar- 
ranged in mutually parallel juxtaposed relationship 
and which each comprise a wire-like or thread-like 
center electrode 1 as a positive electrode, a photovol- 25 
taically operative layer 2 disposed coaxially around 
the center electrode 1 , and a generally plate-like elec- 
trode 4' having a flat surface on which the solar cell 
elements 3 are mounted. The electrode 4* serves as 
a common negative electrode for all the solar ceHs 3. 30 

In this proposed solar cell arrangement, the outer 
peripheral surface of the photovoltaically operative 
layer2around the elongate center electrode 1 acts as 
a plane of incidence of light, and consequently it is un- 
avoidable that shaded portions S are formed at a side 35 
of the outer peripheral surface of the layer 2 opposite 
to the side thereof on which the incident light L imping- 
es on the outer peripheral surface. As a result, the 
photoelectric conversion efficiency is lowered by a 
reduced electromotive force corresponding to the 40 
shaded portions S. 

It is an object of the invention to provide a solar 
cell arrangement which is capable of reducing shaded 
portions dependant on the direction of incident light, 
to thereby achieve efficient irradiation of light on the 45 
solar cell elements and hence improve the photoelec- 
tric conversion efficiency. 

To attain the above object, the present invention 
provides a solar cell arrangement including a plurality 
of elongate solar cell elements each having an elon- so 
gate first electrode and a photovoltaically operative 
layer disposed coaxially around said first electrode, 
said solar cell elements each having an outer periph- 
eral surface, and a generally plate-like second elec- 
trod having ne side surface n which th solar cell 55 
elem nts are mount d, characterized in that said one 
sid surface of said s cond lectrod is a light- 
r f lectiv surface conf igured such that light reflected 



from it is gathered onto th outer peripheral surfaces 
f said solar ceil lements. 

In one embodiment of the invention, the one side 
surface of the second electrode comprises a plurality 
of concave surfaces formed on the one side surface 
in a fashion such as to be associated with respective 
ones of the solar ceil elements, the concave surfaces 
being configured and disposed such that light reflect- 
ed from each of the concave surfaces is gathered 
onto the outer peripheral surfaces of the associated 
one of the solar cell elements. 

Preferably, the solar cell elements are arranged 
on the one side surface of the second electrode in 
mutually parallel juxtaposed relationship, the con- 
cave surfaces in mutually parallel juxtaposed rela- 
tionship in a direction identical with the direction of 
the arrangement of the solar cell elements, the solar 
cell elements being mounted on respective ones of 
the concave surfaces. 

Preferably, the concave surfaces extend at least 
along the whole length of the solar cell elements. 

In another embodiment of the invention, the one 
side surface of the second electrode has formed 
thereon a ridge having a substantially triangular cross 
section interposed between each pair of adjacent 
ones of the solar cell elements, each said ridge being 
configured and disposed such that light reflected 
from the ridge is gathered onto the outer peripheral 
surface of the associated pair of the solar cell ele- 
ments. 

Preferably, the said ridges extend at least along 
the whole length of the solar cell elements. 

In a further embodiment of the invention, the one 
side surface of the second electrode has formed 
thereon a ridge-like projection at a central portion of 
each of the concave surfaces, on which an associat- 
ed one of the solar cell elements is supported. 

Preferably, the said ridge-like projections extend 
at least along the whole length of the solar ceil ele- 
ments. 

Preferably the said first electrodes, and indeed 
the solar cell elements incorporating the same, are of 
a thread-like configuration. 

Some embodiments of the invention will now be 
described by way of example and with reference to 
the accompanying drawings, in which:- 

Fig.1 is a perspective view of a conventional solar 

cell arrangement; 

Fig .2 shows a fragmentary front view of the con- 
ventional solar cell arrangement of Fig. 1, useful 
in explaining how shaded portions are formed de- 
pending on the direction of incident light L; 
Fig .3 is a perspective view of a solar cell arrange- 
ment according t an embodiment of th inven- 
tion; 

Fig .4 shows a frag m ntary front vi w of the solar 

cellarrang m ntofFig.3; 

Fig.5 shows a fragmentary front view of a solar 
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cell arrangem nt according to a furth r embodi- 
ment of the invention; and 
Fig.6 shows a fragmentary front view of a solar 
cell arrangement according to another embodi- 
ment of the invention. 5 
Referring first to Fig.3 t the solar cell arrangement 
according to this embodiment is comprised of a plur- 
ality of wire-like or thread-like solar cell elements 3 
which are arranged in mutually parallel juxtaposed re- 
lationship and which each comprise a wire-lie or 10 
thread-like center electrode 1 as a positive electrode, 
a photovoltaically operative layer 2 disposed coaxtally 
around the center electrode 1 , and a generally plate- 
like electrode 4 as a negative electrode on which the 
solar cell elements 3 are mounted. is 

As shown in Fig.4 f the photovoltaically operative 
layer 2 is comprised of an n-type semiconductor layer 
21 disposed coaxtally around the center electrode 1, 
and a p-type semiconductor layer 22 disposed cc- 
axially around the n-type semiconductor layer 21 . The 20 
photovoltaically operative layer 2 may further com- 
prise a semiconductor layer, not shown, disposed co- 
axially directly around the center electrode 1, a a bar- 
rier or junction layer, not shown, interposed between 
the semi-conductor layer and the n-type semiconduc- 25 
tor layer 21, and a protective cover layer, not shown, 
disposed around the p-type semiconductor layer. The 
negative electrode 4 is in direct contact with the outer 
peripheral surface of each solar ceil element 3 to 
serve as a common negative electrode for ail the sol- 30 
ar cell elements 3. The negative electrode is prefer- 
ably formed of a light-reflective electrically conduc- 
tive material. 

According to the embodiment, the negative-elec- 
trode 4 has a light-reflective side surface 4A on which 35 
the solar cell elements 3 are mounted, and the light- 
reflective surface 4A is configured such that light re- 
flected from the light-reflective surface is converged 
or gathered on the outer peripheral surface of each 
solar cell element 3. More specifically, the negative 40 
electrode 4 is generally corrugated such that a plur- 
ality of elongate concave surfaces 4a are formed over 
the light-reflective side surface 4A of the negative 
electrode 4. The concave surfaces 4a each extend 
longitudinally of the solar cell arrangement, prefer- 45 
ably over the whole length of the negative electrode 
4, which is slightly larger than the length of each solar 
ceil element 3, and are arranged in mutually parallel 
juxtaposed relationship in the same direction as the 
direction in which the solar cell elements 3 are ar- so 
ranged. The solar cell elements 3 are mounted on the 
respective light-reflective surfaces 4a in a fashion ex- 
tending in the lengthwise direction thereof. The cur- 
vature of each light-reflective surface 4a is set such 
that incident light reflect d from the surface 4a is con- 55 
verged on opposed portions f th outer peripheral 
surface of th solar cell element 3. 

Positive I ad wires, not shown, are connect d to 



the positive electrodes 1 of th solar cell el ments 3 
to electrically connect th positive iectrodes 1 to- 
gether, while a negative lead wire, not shown, is con- 
nected to the negative electrode 4. 

With the above arrangement of the invention, no 
shaded portion is formed irrespective of the direction 
of incident light L, and the plate-like negative elec- 
trode 4 serves as a condenser plate as wen such that 
incident light L is reflected by the concave light- 
reflective surfaces 4a and the reflected light is gath- 
ered onto the outer peripheral surfaces of the wire- 
like solar cell elements 3. Thus, the solar cell ele- 
ments 3 have almost the entire outer peripheral sur- 
faces thereof irradiated by light, i.e. direct rays of in- 
cident light and reflected light resulting in enhanced 
photoelectric conversion efficiency. Therefore, the 
number of the solar cell elements 3 used to obtain a 
required amount of electromotive force can be de- 
creased, leading to an improved space factor as well 
as a reduced manufacturing cost 

Moreover, the solar cell arrangement according 
to the invention can dispense with the use of a sepa- 
rate condenser plate, by utilizing the plate-like nega- 
tive electrode 4 as a condenser plate as well, which 
simplifies the whole construction of the solar cell ar- 
rangement as well as enables designing the solar cell 
arrangement compact in size and light in weight 

Fig. 5 shows a solar cell arrangement according 
to a further embodiment of the invention. In this em- 
bodiment to gather reflected light onto the outer per- 
ipheral surface of each solar cell element 3, a ridge 5 
having a triangular cross section is formed integrally 
on the side surface 4Aof the electrode 4 on which the 
solar cell elements 3 are mounted, at a location be- 
tween each pair of adjacent solar cell elements 3, the 
ridge 5 extending longitudinally of the solar celt ar- 
rangement preferably over the whole length of the 
negative electrode 4. The portion of the side surface 
of the electrode 4 on which each solar cell element 3 
is mounted is flat Each of the opposite sloped lateral 
surfaces of the ridge 5, which are flat faces toward 
the associated solar cell element 3 such that light re- 
flected from the sloped lateral surface impinges on 
an opposed portion of the outer peripheral surface of 
the associated solar cell element 3. 

Fig. 6 shows a solar cell arrangement according 
to another embodiment of the invention. This embodi- 
ment is distinguished from the aforedescribed Fig. 3 
embodiment in that a ridge-like projection 6 is formed 
integrally on each concave surface 4a at a trans- 
versely central portion thereof, the ridge-like projec- 
tion 6 extending longitudinally of the solar cell ar- 
rangement preferably over the whole length of the 
negative electrode 4. The associated solar cell ele- 
m nt 3 is support d ntheridg -lik projection 6. Ac- 
cording to this embodim nt incident light reflected 
from the concave surface 4a can impinge on lower- 
most portions of the uter p riph ral surface of the 
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solar cell el m nt 3, to further enhance th photo- 
electric conversion fficiency. In plac of the ridge- 
like projection 6, a plurality of ridge-like projections 
which are much shorter in length may be formed on 
each concave surface 4a in serially spaced arrange- 
ment along the length thereof. 

Even with the arrangements according to the Fig. 
5 and Fig. 6 embodiments, similar or more excellent 
results described previously with respect to the Fig. 
3 embodiment can be provided. 

Further, according to the solar cell arrangement 
of the invention, the positive electrode 1 in the form 
of a wire is arranged in the interior of the photovolta- 
ically operative layer 2, instead of being arranged on 
the surface of the same, as is distinct from the con- 
ventional solar cell. As a result, the photovoltaically 
operative layer 2 is not shaded by the positive elec- 
trode 1 , which also contributes to achievement of ef- 
ficient irradiation of incident light Besides, the solar 
cell element 3 is in the form of a wire or a thread and 
formed substantially solely of the positive electrode 1 
and the photovoltaically operative layer 2, which 
makes it possible to easily manufacture the solar cell 
element 3 in a continuous manner. Moreover, the pos- 
itive electrode 1, which is formed of a wire, has small- 
er electric resistance than that of a thin film-shaped 
electrode employed in the conventional solar cells, 
resulting in an increased photoelectromotive force. 
Thus, the solar cell arrangement according to the in- 
vention can enjoy the above-mentioned advantages 
and excellent results achieved by the formation of the 
positive electrode and the photovoltaically operative 
layer in the form of wires. Although in the above de- 
scribed embodiments, the generally plate-like nega- 
tive electrode 4 is formed of a light-reflective material, 
alternatively the side surface on which the solar cell 
elements are mounted may be coated with a light- 
reflective coating material. 



Claims 

1. A solar cell arrangement including a plurality of 
elongate solar ceil elements (3) each having an 
elongate first electrode (1) and a photovoltaically 
operative layer (2) coaxially disposed around 
said first electrode, said solar cell elements each 
having an outer peripheral surface, and a gener- 
ally plate-like second electrode (4) having one 
side surface (4A) on which said solar cell ele- 
ments are mounted, 

characterised in that 

said one side surface of said second elec- 
trode is a light-reflective surface which is config- 
ured such that light refl cted from it is gathered 
onto said peripheral surfaces of said solar cell 
lements. 



2. A solar cell arrangement is claimed in claim 1, 
wherein said n sid surface of said second 
electrode (4) comprises a plurality of concave 
surfaces (4a) formed on said one side surface 

5 (4A) in a fashion such as to be associated with re- 

spective ones of said solar cell elements (3), said 
concave surfaces being configured and disposed 
such that light reflected from each of said con- 
cave surfaces is gathered onto said outer periph- 

10 eral surface of the associated one of said solar 

cell elements. 

3. A solar cell arrangement as claimed in claim 2, 
wherein said solar cell elements (3) are arranged 

15 on said one side surface (4A) of said second elec- 

trode in mutually parallel juxtaposed relationship, 
said concave surfaces (4a) comprising a plurality 
of elongate concave surfaces arranged on said 
one side surface of said second electrode in mu- 

20 tually parallel juxtaposed relationship in a direc- 

tion identical with the direction of said arrange- 
ment of said solar cell elements, said solar ceil 
elements being mounted on respective ones of 
said concave surfaces. 

25 

4. A solar cell arrangement as claimed In claim 3, 
wherein said concave surfaces (4a) extend at 
least along the whole length of said solar cell ele- 
ments (3). 

30 

5. A solar cell arrangement as claimed in any of 
claims 2 to 4, wherein said one side surface (4A) 
of said second electrode (4) has formed thereon 
a ridge-like projection (6) at a central portion of 

35 each of said concave surfaces (4a), on which an 

associated one of said solar cell elements (3) is 
supported. 

6. A solar cell arrangement as claimed in claim 5, 
40 wherein said ridge-like projections (6) extend at 

least along the whole length of said solar cell ele- 
ments (3). 

7. A solar cell arrangement as claimed in claim 1, 
45 wherein said one side surface (4A) of said second 

electrode (4) has formed thereon a ridge (5) hav- 
ing a substantially triangular cross section inter- 
posed between each pair of adjacent ones of said 
solar cell elements (3), each said ridge being con- 
50 figured and disposed such that light reflected 

from said ridge is gathered onto said outer per- 
ipheral surfaces of its associated pair of said sol- 
ar celt elements. 

55 8. A solar cell arrang ment as claimed in claim 7, 
wh r in each said ridge (5) xtendsatl ast along 
the who! length fsaids larcellelem nts (3). 
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9. A solar cell arrangem nt as claimed in any pre- 
ceding claim, wherein said first electrodes (1) are 
of a thread-like configuration. 

10. A solar cell arrangement as claimed in any pre- 5 
ceding claim, wherein said solar cell elements (3) 

are of a thread-like configuration. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP0 662 722 A2 



FIG.l 
PRIOR ART 




2 4' 



FIG.2 

PRIOR ART 



L 




S S 4' 



6 



EP 0 662 722 A2 



FIG.3 




1 21 22 4 



7 



EP 0 662 722 A2 



FIG.5 





